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Abstract: A novel Mn(II) complex with thiosemicarbazone 
derived from 2-acetylpyridine and N(4)-ethylthiosemicarbazide 
has been prepared. The single-crystal X-ray analysis of the Mn
(II) complex showed a distorted octahedral MnN4S2  environ-
ment with the ligand chelating via the nitrogen and sulfur donor 
atoms in a tridentate manner. The triclinic form of the ligand 
which has crystallized in a monoclinic system in other works is 
also described. The basicity of  nitrogen atoms of the ligand was 
tested with its reaction with HNO3 and the structure of the salt 
obtained is reported. The result shows that the lone pair of the 
pyridine nitrogen is more available due to the delocalization of 
other nitrogen lone pair of electron. 
Keywords: Thiosemicarbazone, 2-acetylpyridine, manganese 
(II) complex, crystal   structures, basicity of nitrogen atoms. 
 
1. INTRODUCTION 
Heterocyclic thiosemicarbazones and their transition metal com-
plexes have received considerable attention due to their coordi-
nation chemistry and broad range of pharmacological proper-
ties, notable for antiparasital, antibacterial and antitumor activi-
ties [1–6]. In addition the use of multidentate thiosemicarbazone 
as a general route for the construction of multimetallic helicates 
have recently been reported on, in which case the strategy 
demonstrated that the self –assembly can be perfectly controlled 
using a dianionic helicand thiosemicarbazone ligand equipped 
with two soft donor atoms [7]. 
Futhermore the structural diversity of thiosemicarbazide-based 
compounds is considerably increased not only due to the con-
densation of the different carbonyls but also due to the alkyla-
tion of the different parts of the thiosemicarbazide moiety [8]. 
The presence of akyl groups at the terminal N(4) postion on the 
thiosemicarbazone chain can considerably increase the activity
[9]. A small number of metal complexes of 2-acetylpyridine N
(4)ethyl thiosemicarbazone have been reported [8] in literature.  
Manganese is an essential trace element forming the active sites 
of a number of matalloproteins. In these metalloproteins, man-
ganese can exist in any of the five oxidation states (0, I, II, III, 
IV) or in mixed valence states [10]. Manganese has a vital role 
in many enzymatic systems in which mononuclear manganese 
active centers are present [11]. However, in spite of all these 
versatile applications, there appears only a very few reports on 
manganese (II) complexes of thiosemicarbazones derivatives 
[12]. In view of the above, this work reports the synthesis and 
structural characterization of manganese (II) complex of 2-
acetylpyridine N(4) ethylthiosemicarbazone. The structure of 
the salt obtained from the reaction of the ligand with HNO3 is 
also reported. 
 
 2. EXPERIMENTAL 
 
2.1 Materials and equipment 
 
2-acetylpyridine, N(4)-ethyl thiosemicarbazide, MnCl2.•4H2O 
were used as supplied. The solvent used throughout the synthe-
sis was distilled ethanol. The molar conductance measurement 
of the Mn complex in DMF solution (10-3 M) at room tempera-
ture was done using a direct reading conductivity meter. The 
infrared spectra were recorded on a Perkin-ELMER System 
2000 FT – IR spectrometer scanning between 400 and 4000 cm-
1
 using KBr pellets. The mass spectra were recorded on a FT-IR
-MS Bruker-Dalton ESI spectrometer (APEX II, 7 Tesla). The 
elemental analyses were recorded on a VARIO EL  (Heraeus). 
The melting points were determined in sealed capillaries with a 
Gallenkamp instrument and are uncorrected.  
The crystallographic data were collected on a Gemini diffrac-
tometer (Agilent Technologies) using Mo-Kα radiation (l = 
71.073 pm), ω-scan rotation. Data reduction was performed 
with the CrysAlis [13] including the program SCALE3 AB-
SPACK [14] for empirical absorption correction. The structure 
was solved by direct methods (SHELXS-97) and the refinement 
of all non-hydrogen atoms was performed with SHELXL-97 
[15]. All non-hydrogen atoms were refined with anisotropic 
thermal parameters. For 1 and 2 a difference-density Fourier 
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map was used to locate all Hydrogen atoms whereas for 3, ex-
cluding H(1N4) and H(1N8) all hydrogen atoms are calculated.  
 
2.2 Synthesis of compound 1 and 2 
 
The ligand 2-acetylpyridine N(4)-ethylthiosemicarbazone (1) 
was synthesised according to literature [16-17]. The single crys-
tal suitable for X-ray diffraction was obtained in the filtrate 
from the synthesis of the Mn(II) complex. Compound 2 was 
obtained from the equimolar reaction of 1 with HNO3 in ethanol 
and was characterized by X-ray diffraction. 
 
2.3. Synthesis of the Mn(II) thiosemicarbazone complex 3 
 
A solution of MnCl2•4H2O (0.5 g, 0.0025 mole) dissolved in 
ethanol (10 ml) were added drop-wise to a stirred solution of 2-
acetylpyridine N(4)-ethylthiosemicarbazone  (1.11 g, 0.005 
mole) dissolved in ethanol. The resulting solution was refluxed 
for four hours. The orange precipitate formed was filtered, 
washed with methanol and dried. Yield: 0.75 g, (60 %); m.p. 
210-212 oC. IR (KBr): ν (O-H) 3439 cm-1, ν (N-H) 3252 cm-1, ν 
(C-H) 3052 cm-1, 2980 cm-1, ν (C=N)1566 cm-1, 1473 cm-1, 
1440 cm-1, ν (C-S) 1385 cm-1, 1255 cm-1, 1109 cm-1, 777 cm-1, 
640 cm-1, 559 cm-1, 451 cm-1. MS (ESI): m/z = 498 (M+, 100 
%). Elemental analysis: C20H26MnN8S2•2H2O (533.55); C 44.61 
(44.98), H 5.73 (5.62), N 21.04 (20.99) %. 
 
3. RESULTS AND DISCUSSION 
 
3.1 IR analysis  
In manganese (II) complex 3 the thiosemicarbazone ligand 1 
deprotonates and chelates in the thiolate form as proved by the 
shift of the C=S vibration band in the ligand from 1533cm-1 to 
C=S in the complex at 1385 cm-1. The molar conductivity meas-
urement in 10-3 M DMF solution gave a molar conductance of 
10 ohm-1cm2mol-1; indicating that the complex is non-
electrolyte.  
 The strong band in the spectrum of ligand 1 at 3350 cm-1 as-
signed to (N-H) vibration is not present in the IR spectrum of 
the 3, indicating the deprotonation of the ligand in its reaction 
with the metal ion. The (C=N) and the (C=S) vibrations of the 
ligand are shifted from1581 and 1533 cm-1 to lower values of 
1566 and 1385 cm-1 respectively upon coordination. Similar 
shifts have been observed in others thiosemicarbazone complex-
es of manganese [11, 18-19]. This indicated that the ligand is 
coordinated to the central metal ion through the azomethine 
nitrogen. The involvement of this nitrogen in bonding is also 
supported by a shift in ν(N-N) from 1085 cm-1 in the free ligand  
to higher frequency (1109 cm-1) in the complex. The large nega-
tive shift of the ν(C=S) band indicates the change in the bond 
order and the coordination of the ligand via the thiolate sulphur 
to manganese atom.  
The coordination of the nitrogen atom of pyridine ring to the 
Mn(II) ion in complex 3 is indicated by the shift of the pyridine 
ring vibration of the ligand (551 cm-1) to higher frequency  (559 
cm-1) in its manganese complex. Similar shifts have been ob-
served in other manganese complex [11, 20-21] upon coordina-
tion of the pyridine ring to the metal centre. From the ESI mass 
spectrum of complex 3, the parent ion peak indicates that the 
metal complex was formed in a 2:1 ligand to metal ratio. 
 
Scheme 1: Formation of compound 2 
 
3.2 Molecular structure of 1, 2 and 3 
 
Pale yellow crystals of 1 suitable for X-ray diffraction were 
obtained from the filtrate in the synthesis of 3.  
Compound 1 (Fig. 1) crystallizes in the triclinic system, in the 
space group Pī, with two independent molecules in the asym-
metric unit in a slightly different conformation. Compound 1 
can react with HNO3 when present in solution with the protona-
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Figure 1: Molecular structure of 1 
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tion of the pyridine nitrogen as observed in the formation of 
compound 2 (Scheme 1). Similar reactions [10, 22] has been 
reported with HCl in thiosemicarbazone solution. Compound 2 
(Fig. 3) crystallizes in a monoclinic system; in the space group 
P21/n. Selected bond lengths and angles and crystal data for 1 , 
2 and 3 are listed in Tables 1 and 2 respectively. 
  Table 1: Selected bond lengths (Å) and angles (°) for 1, 2 and 3  
Bond lengths 1 2 3 
N(3)–C(7) / N(7) –C(17) 1.360(2) / 1.361(2) 1.373(2) 1.341(2) / 1.324(2) 
S(1)–C(7) / S(2)–C(17) 1.691(1) /1.694(1) 1.682(1) 1.733(2) /1.747(2) 
N(1)–C(1) / N(5)–C(11) 1.343(2) / 1.342(2) 1.350(2) 1.349(2) / 1.347(2) 
N(2)–N(3) / N(6)–N(7) 1.381(2) / 1.378(2) 1.354(2) 1.369(2) / 1.365(2) 
N(2)–C(6) / N(6) –C(16) 1.289(2) / 1.286(2) 1.291(2) 1.299(2) / 1.300(2) 
N(3)–H / N(7)–H 0.890(2) /0.867(2) 0.884(2)   
N(4)–H / N(8)–H 0.850(2) /0.854(2) 0.869(2) 0.93(3) /0.87(2) 
N(1)–H   0.860(2)   
Mn– N(5)     2.251(2) 
Mn– N(6)     2.258(2) 
Mn– N(1)     2.283(2) 
Mn– N(2)     2.251(2) 
Mn– S(2)     2.524(5) 
Mn– S(1)     2.522(5) 
Bond angles       
C(6)–N(2)–N(3) / C(16)–N(6)–N(7) 117.71(1) / 117.48(1) 118.88(1)   
C(7)–N(3)–N(2) / C(17)–N(7)–N(6) 117.51(1) / 118.46(1) 119.80(1)   
C(7)–N(4)–C(8) / C(17)–N(8)–C(18) 124.53(1) / 124.45(1) 124.80(1)   
N(4)–C(7)–N(3) / N(8)–C(17)–N(7) 116.14(1) / 117.08(1) 116.65(1)   
N(4)–C(7)–S(1) / N(8)–C(17)–S(2) 124.15(1) / 123.91(1) 125.55(9)   
N(3)–C(7)–S(1) / N(7)–C(17)–S(2) 119.64(1) / 119.01(1) 117.79(9)   
N(2)–Mn–N(5)     112.08(6) 
N(2)–Mn–N(6)     158.77(5) 
N(5)–Mn–N(6)     71.58(5) 
N(5)–Mn–N(1)     91.02(6) 
N(2)–Mn–S(1)     76.26(4) 
N(5)–Mn–S(1)     88.39(4) 
N(6)–Mn–S(1)     124.97(4) 
N(1)–Mn–S(1)     145.23(4) 
N(2)–Mn–S(2)     102.02(4) 
N(6)–Mn–S(2)     75.38(4) 
N(1)–Mn–S(2)     96.45(4) 
S(1)–Mn–S(2)     103.40(2) 
The structure of 1 had earlier been reported [10, 23] in which 
case it crystallized in the monoclinic system, with space 
group P21/n. The bond distances C(7)-S(1) [1.691(2) and N
(2)-C(6) [1.289(2)] are similar to those found in the mono-
clinic structure of [1.676(2) and 1.287(2)] [10] respectively. 
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The intermolecular hydrogen bonds N(4)-H---S(2), N(8)-H---S
(1) in the triclinic structure of 1  are detectable (Table 3). How-
ever, relatively weak N-H---S donor acceptor bonds are found 
in both triclinic and monoclinic forms of 1. Taking these inter-
actions into account, a two dimensional layer structure of the 
triclinic ligand 1 along [011] is formed (Fig.3a). 
Table 2: Selected crystallographic and refinement data for 1, 2 and 3 
Compounds 1 2 3 
Empirical formula C10H14N4S [C10H15N4S]NO3 C20H26MnN8S2 
Formula weight 222.31 285.33 497.55 
Temperature/K 130(2) 130(2) 130(2) 
Crystal system Triclinic Monoclinic Monoclinic 
Space group Pī P21/n P21 
Unit cell dimensions       
a  (Å) 9.7697(6) 4.4434(2) 8.7352(4) 
b (Å) 9.9448(6) 14.5223(8) 14.7050(6) 
c (Å) 12.3579(10) 20.3917(12) 9.2896(4) 
α 87.711(6)° 90° 90° 
β 83.373(6)° 93.584(5)° 102.050(4)° 
γ 74.738(5)° 90° 90° 
Volume 1150.52(14) Å3 1313.27(12) Å3 1166.97(9) Å
3
 
Z 4 4 2 
Absorption coefficient 0.255 mm-1 0.259 mm-1 0.769 mm
-1
 
Θmin / Θmax 2.95 / 30.51° 2.98 / 36.32° 2.91 / 30.51° 
Reflections collected 13420 23114 19824 
Independent reflections 7007 6375 7040 
Rint 0.0250 0.0463 0.0379 
Restraints/parameters 30 / 383 0 / 232 1 / 293 
R(I>2σ(I)) 0.0416 0.0525 0.0399 
wR2(all data) 0.1082 0.1254 0.0627 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
N(3)-H(1N3)...S(1)#1 0.887(19) 2.576(19) 3.4114(13) 157.2(15) 
N(4)-H(1N4)...S(2)#2 0.846(19) 2.720(19) 3.3801(13) 136.0(15) 
N(7)-H(1N7)...S(2)#3 0.867(17) 2.637(17) 3.4693(13) 161.3(15) 
N(8)-H(1N8)...S(1)#1 0.854(19) 2.897(18) 3.4907(13) 128.3(15) 
       Table 3: Hydrogen bonds for 1 [(Å) and °].  
    Symmetry transformations used to generate equivalent atoms: #1 -x,-y+3,-z+1   
      #2 -x,-y+2, -z+1    #3 -x,-y+2,-z 
The molecular structure of compound 2 (Fig. 3a) reveals that 
there are N-H----O hydrogen donor acceptor bonds interaction 
between the nitrate anion and the cationic ligand through the N
(4)H and the pyridine N(1)H as depicted in Fig. 3b below. The 
bond distances and angles observed for 2 are similar to those 
obtained in the monoclinic form [23] of the thiosemicarbazone 
ligand 1.  
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Compound 3 crystallized in the monoclinic system in the space 
group P21 with two molecules in the unit cell. The molecular 
structure of 3 (Fig. 4) indicates from the bond angles a distorted 
octahedral geometry for the compound. The two molecule of the 
 Figure 2: Packing diagram of 1  
Figure 3a: Molecular structure of 2  
Figure 3b: Hydrogen bonding interaction in 2  
deprotonated ligand coordinate to the manganese in a N4S2 
manner, through the pyridine nitrogen, the azomethine nitrogen 
and the thiolato sulfur atoms to form four membered chelate 
rings. With the exception of C9 (first ligand) and C19 (second 
ligand), all atoms of each ligand are ± 0.1 Å with in the plane, 
indicating the almost planar geometry of the whole coordinating 
ligand. The angle between the planes formed by the two ligands 
is 79.99(3)°, indicating a distorted octahedral coordination ge-
ometry, which ideally should be 90 ° for a regular octahedral 
environment.  
The coordination of the sulfur occurs through deprotonation 
after enolization, and was confirmed by the partial single and 
the double bond nature of C(7)-S(1) [1.733(2) Å], C(17)-S(2) 
[1.747(2)  Å and N(3)-C(7) [1.341(2) Å, N(7)-C(17) [1.324(2) 
Å) bonds as has been reported for other manganese complexes 
with thiosemicabazone [21-22] in a similar environment. On 
coordination to the metal ion, the ligand undergoes structural 
reorientation. This suggests that a possible rotation around N3-
C7 with a double bond character occurs on coordination so that 
the pyridine nitrogen would be in the position to coordinate. 
The Mn-Nazomethine average bond distance of 2.25 Å is shorter 
than the Mn-Npyridine average bond distance of 2.27 Å, which 
may be attributed to the fact that the azomethine nitrogen is a 
stronger base compared with the pyridyl nitrogen. The Mn-S(1) 
and Mn-S(2) average bond length of 2.52 Å are larger than the 
Mn-N azomethine bond length. These comparatively larger 
bond lengths are indicative of weak bonding of the ligand to the 
metal [9, 20]. Furthermore S-donors are softer compare to N-
donors.  
The C(7)-N(3)-N(2) and the C(17)-N(7)-N(6) bond angles of 
117.5(1)° and 118.5(2)° in the free ligand reduced to 113.8(1)° 
and 113.7(2)° in the complex as the consequence of the bonding 
to the metal. A similar observation has been previously reported 
Figure 4: Coordination environment of 3  
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with manganese complex of other thiosemicarbazone ligands 
[11, 22].  
The packing diagram of 3 (Fig.5a) shows that the molecules are 
connected in the crystal lattice through some intermolecular 
hydrogen donor acceptor bonds (Table 4), that forms a zigzag 
chain along b-axis. This intermolecular hydrogen bonds further 
lead to a self-assembly process (Fig.5b) that can perfectly be 
controlled as earlier reported [21]. Compound 3 is a peculiar 
self-threading. It is believed that the N(4)ethylphenyl groups of 
the thiosemicarbazone have a very important influence on the 
formation of self threading. In other words the bulky ethyl phe-
nyl groups of the thiosemicarbazone provide a potential condi-
tion for the formation of the self-threading and polythreading. 
 
 
Table 4: Hydrogen bonds for 3 [(Å) and °].  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
N(8)-H(1N8)...N(3)#1 0.87(2) 2.28(3) 3.129(2) 167(2) 
N(4)-H(1N4)...S(2)#2 0.93(3) 2.41(3) 3.342(2) 173(2) 
Symmetry transformations used to generate equivalent atoms: 
#1 –x+1, y+1/2,–z+2,  #2– x+1, y–1/2, –z+2     
4. CONCLUSION 
 
We have synthesized and characterized by X-ray diffraction, 
infrared, elemental analysis and mass spectrum a novel manga-
nese (II) complex of 2-acetylpyridine-N (4) ethylthiosemicarba-
zone. The triclinic form of the Ligand which has earlier been 
reported as monoclinic by others has been found to chelate to 
the metal center in a tridentate fashion with the manganese (II) 
complex adopting a distorted octahedral geometry. 
Figure 5a: Packing diagram of 3 along b-axis  
Figure 5b: Schematic representation of 2D sheet of  3  
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